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“Energy is a very subtle concept… very, very difficult to get right… 
we have no knowledge of what energy is.” 

–Richard Feynman 

“Energy is the only universal currency.” 
–Vaclav Smil 

http://www.feynmanlectures.caltech.edu/
http://vaclavsmil.com/publications/
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“Energy is a very subtle concept… very, very difficult to get right… 
we have no knowledge of what energy is.” 

–Richard Feynman 

“Energy is the only universal currency.” 
–Vaclav Smil 

Everything about energy is changing really fast, right now! 
–Me! 

http://www.feynmanlectures.caltech.edu/
http://vaclavsmil.com/publications/


1973 OAPEC 
Embargo

1979 Energy 
Crisis 2007 Financial 

Crisis

Dot Com Bubble

COVID

Post-COVID 
recovery 

and/or?…
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ELECTRIFY 
EVERYTHING 

DECARBONIZE 
ELECTRICITY



The 2GW Susquehanna nuclear 
power plant will provide a dedicated 
960MW to a co-located data center 
developed by Amazon.
(March 2024).

https://electrek.co/2024/03/05/amazon-just-bought-a-100-nuclear-powered-data-center/

https://electrek.co/2024/03/05/amazon-just-bought-a-100-nuclear-powered-data-center/




•Gain a better understanding of the 
concepts “energy” and “power”  

•Learn and use their units 

•Perform basic energy calculations 

•Apply those concepts to real-life 

Camp goals:



Definitions (from Oxford Dictionary of Physics):

Energy 
A measure of a system’s ability to 
do work. Like work itself, it is measured in joules. Energy is 
conveniently classified into two forms: potential energy is the energy 
stored in a body or system as a consequence of its position, shape, 
or state (this includes gravitational energy, electrical energy, nuclear 
energy, and chemical energy); kinetic energy is energy of motion and 
is usually defined as the work that will be done by the body 
possessing the energy when it is brought to rest. For a body of mass 
m having a speed v, the kinetic energy is mv2/2 (classical) or 
(m−m0)c2 (relativistic). The rotational kinetic energy of a body having 
an angular velocity ω is Iω2/2, where I is its moment of inertia.

The internal energy of a body is the sum of the potential energy and 
the kinetic energy of its component atoms and molecules.

It is a fundamental feature of physics that energy is always 
conserved in any process. It has occasionally been suggested in 
various contexts that energy is not conserved, but these suggestions 
have always turned out to be incorrect.
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Work
The work done by a force acting on a body is the product 
of the force and the distance 
moved by its point of application in the direction of the force. If 
a force F acts in such a way that the displacement s is in a direction 
that makes an angle θ with the direction of the force, the work done 
is given by: W=F.scosθ. Work is the scalar product of the force and 
displacement vectors. It is measured in joules.
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a force F acts in such a way that the displacement s is in a direction 
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Joule = the SI* unit for Energy

*from French Système international d'unités



Activity: What did you eat today?



Activity: What did you eat today?

US EUChina



Try this: Use 
Google calculator, 
Wolfram, ChatGPT 
etc to convert 
energy units





Activity: What did you eat today?

Note the term “daily” 
introduces a time period



Activity: Calculate human power.



Activity: Calculate human power.

Try this: Using the 
same tools, divide 
an energy unit by 
a time unit. What 
do you get?



A Watt is a *RATE* (this is weird - the “per” is built in)

Watt = the SI unit for Power (J/s)

Joule = the SI unit for Energy

An electrical watt (Volts * Amps) is the same watt (the units work out!)



1 Joule / second

1 Watt

1 Volt * 1 Amp

SI Energy Unit! Time

Rate

What this means: We have a way to measure things with our 
multimeters that share units with every energy phenomenon 
in the universe



Activity: Energy scavenger hunt.



Activity: Energy scavenger hunt.

1. Take a picture of the  power label on 
any electrical equipment at ITP.


2. Note its input power rating in watts. 
(If it only has volts and current, note 
that) 


3. Imagine how the item is used. Is it 
on constantly all day every day? Is it 
used intermittently? Do you think it 
has various power level? Make 
reasonable guesses here.


4. Report back here with your data and 
estimates.



Watt = the SI unit for Power (J/s)

Joule = the SI unit for Energy

•Power = Energy/Time, and  

•Energy = Power x Time

The watt-hour is another unit for Energy, 
more common than joule in many 
applications (e.g. your power bill).







•Energy (joule or watt-hour) is 
important, but surprisingly tricky to 
pin down in everyday terms.  

•Power (watt) is the rate of energy 
conversion (informally: “consumption”). 

•Power is more familiar from every 
day life, especially electronics.  

•Power = Energy/Time, and  

•Energy = Power x Time

Conclusions:



18TW
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Source: EIA Total World Primary Energy Production 
~550 Quadrillion BTUs / 1 year = 1.8x1013 Watts



18,000,000,000,000
WkWMWGWTW

18TW
(1  .    2    1    GW)
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Understanding this is necessary 

but insufficient…



•Anything by Vaclav Smil
Further Resources



https://www.stuartmcmillen.com/comic/

Further Resources
•Stuart McMillan on Buckminster Fuller



Further Resources
•Podcasts



https://tmdlab.org/ https://openaircollective.com/

Further Resources
•Neighbors at NYU





THANKS!
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Kinetic workshop, next week 
Solar workshop, week after that


